Empirical studies of human behavior have been developed mainly using methods of interview or questionnaire by researchers themselves. These studies have successfully obtained adequate results. To observe the behavior of many subjects at once, for many hours and in a wide area however, an alternative technological method is required. The purpose of the authors' work is to develop a better objective method based on measurements, observations and experiments to clarify human behavior in urban environments. The purpose of this paper, as a first step, is to show the availability of research methods concerning children's behavior after school in a suburban city district. The authors asked each primary schooler to wear a compact Global Positioning System receiver after school and to act casually. The collected spatio-temporal data using the Geographical Information System was also analyzed by developing a denoising technique. As a result, the authors clarified the behavior patterns of 35 primary schoolers' regarding transportation devices, travelling routes, distances, time to arrive home and duration of outdoor activity. In conclusion, the authors showed the validity of a research method concerning the collective subjects' behavior for a long period and in a wide area based on more reliable data using the Global Positioning System.
Introduction
As behaviorists insisted at the beginning of the 20th century, it is still important to use scientific methods as much as possible, based on observation, measurement and experiment, even for the study of human psychology, biology and behavior. In fields such as architectural planning and town planning regarding phenomenon between humans and the built environment, many empirical studies have been successfully developed concerning human behavior in architecture and urban areas. For example, the series of studies by Nishiyama 1) (1947) are famous for their practical results in terms of public housing. Hall 2) (1966) clarified concepts of spatial behavior by observing the activities of humans and animals. The generic methods of these studies have involved both a questionnaire to ascertain people's memories or feelings and a subjective observation by researchers on site. These investigator-mediated measurement methods are suitable concerning the detailed investigation of individual phenomenon. However, these methods have to depend on the subject's reliability of memory, ability of description and sincerity. These subjective data may be very accurate and significant at times but they may be significantly inaccurate at other times. It has therefore become necessary to develop objective means in order to acquire significant human data by a noninvasive approach with little physical and mental burden.
At the beginning of this study, in order to gain useful knowledge regarding architectural planning and town planning by considering human behavior in urban areas, the authors conceived a method to acquire basic spatio-temporal data of subjects using GPS by observing ground objects from high altitudes. The authors expect to clarify the collective behavior of subjects at constant accuracy concerning when, where, who and what they are doing, by simplifying them to coordinate points in a three dimensional urban space. This approach owes much to the technological growth of measuring devices allowing sufficient positioning accuracy over many hours even with generic devices. A GPS wearer can act as usual without burden because they carry only a small lightweight device in their pocket. As each GPS device records a unique identification code, time and position at constant time intervals, the GPS wearer's behavior is ascertainable at a certain level from these data. For example, it is possible to identify if a wearer is staying, walking, running, riding a bike or car from the data based on travelling speed, acceleration and route on a map. If they stay at urban facilities such as a park or a library, they are expected to use them for the usual purposes.
The purpose of this paper is to show the availability of an approach to clarify the collective behavior patterns of 35 primary schoolers after school in an urban space by acquiring their spatio-temporal data using GPS devices. To the best of the authors' knowledge, few studies have yet been carried out on collective children using this kind of approach, though some have been conducted on wild animals in the ethological field. As this study obtained the cooperation of human subjects, privacy was a necessary issue. The authors obtained their consent to wear GPS devices, and managed data anonymously based on an appropriate ethical perspective.
Conventional researches of human behavior were often based on a questionnaire or observation of subjects by researchers (Table 1. ).
A survey of the current behavior of primary school children after school was conducted by a questionnaire in Japan (Fukaya et al., 2006) 3) . Utilizations of parks by children were investigated by interview (Kanda, T. 1998) 4) , while the side-tripping behavior of children was surveyed by a follow-up investigation (Miwa, N. et al. 2001) 5) . A qualitative study was carried out concerning parents' perceptions of the influences on children's active free-play (Veitch, J. et al., 2006) 6) , and parents' conceptions of social dangers to children in the urban environment were also investigated (Blakely, K., 1994) 7) . Some recent studies have suggested using GPS devices for observation of human or animal travelling pathways (Nomura 8) [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . In order to prevent crime, children's activities after school were also surveyed (Amemiya et al. 2009) 21) . Unlike the studies made extensively based on investigator-mediated methods, little attention was given to the approach using measuring devices such as GPS to measure collective subjects' behavior objectively at a certain accuracy, at the same time, over a long period and wide area.
Methods 2.1 Data management of GPS devices
The authors downloaded GPS data of the NMEA format to standalone PC, and converted it to a vector data set using Geographical Information System (GIS) (Fig.1.) .
The distance between two positioning points is calculated by spherical trigonometry formula. Travelling speed between two positioning points is calculated from the distance and the interval time.
Denoising
When subjects are indoors, position-fix accuracy becomes worse. The authors filtered out wrong positioning data as noises from a continuous travelling trajectory. Researcher asks subjects to answer the questionnaire in writing.
Researcher interviews or has a dialogue with subjects. Observation
Researcher observes collective subjects at fixed point.
Researcher observes a specific subject by following-up. When primary school children are at school, on their way between school and home or at home, they are watched by parents and teachers. However their behavior after school is less obvious. They are not constrained in this period so that they tend to act on their own initiative. The basic data of their behavior are required by such fields as town planning and facilities planning. The authors conducted an investigation of primary schoolers' behavior after school.
2) Conditions of investigation 3) Investigation flow The primary schoolers wear GPS devices when school is over. They act casually as usual and when they go to bed, they take the GPS off.
Results
One GPS device did not record normal data. The authors finally obtained the GPS data of 34 subjects.
Most travelling trajectory was seen inside the school district. Travelling outside the school district was by car because the travelling speed was more than 30 km/h. The authors ascertained the travelling means based on travelling speed and route on the map (Fig.9.) .
Thirty-three out of 34 subjects went outside of the home after school. After seven o'clock the number of Total  Male  2  0  5  2  5  2  16  Female  5  0  6  5  1  2  19  Total  7  0  11  7  6  4  35   Table 2 . Subjects' Grades and Gender subjects outside the school district is greater than those inside (Fig.10.) .
Twenty subjects did not use a car and, except for two, did not go out of the school district. On the other hand, 14 subjects, who used a car, did go out of the school district.
Subjects in lower grades went to public facilities such as library and citizen center in a wide area. Some of them went back to the school after classes and played there. Meanwhile, the field of activities of the subjects in lower grades was narrower.
The authors asked each subject how many people they play with per day after school. Most of the subjects who play with other schoolchildren did not The number of people who 3rd and 4th graders play with was not more than four. Meanwhile the number of people who 5th and 6th graders play with was not more than one. The subjects who used a car and went out of the school district did not play with other schoolchildren. Higher graders went outside of the home at a later time.
Collective subjects stayed at some specific places in the site. For example, six subjects stayed at P1, which is a residential area (Fig.14.) .
The street with a dashed line has a lot of car traffic, and other streets have dead-ends (Fig.15.) . Many subjects played in these dead-end streets. The subjects No. 9, 12, 13, 19 and 20, who played in the dead-end streets stayed outside the home for a longer time than other subjects.
Conclusions
The authors have presented an approach to acquire collective behaviors at one time, for many hours and over a wide area. The results at this stage are very limited because the investigation was conducted on only 35 subjects during one day. However the authors show the acquired knowledge as below.
• The travelling trajectory by walking did not cross outside the school district (Fig.8.) . • After 7 p.m. the number of subjects outside the school district became larger than those inside it (Fig.10. ). • They mainly walked or rode bikes inside the school district, and used cars outside of it (Fig.8.) .
• Subjects who used a car and travelled more than 5 km did not play with other children (Fig.13. ).
• Low graders living near the school went to the school again and played there (Fig.12. ).
• Low traffic roads with dead-ends were used for play activity (Figs.14., 15., 16.). It is also important to seek a better method of acquiring the primary data. The measuring method of human behavior by devices such as GPS allows us to acquire objective data with a constant accuracy without relying on the investigators' or subjects' individual current condition by the human-mediated data exchange process. The significance of this paper is shown because the resultant knowledge refers to the specific time and place of the children's behavior. 
